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APPARATUS AND METHOD FOR SENSING
CAPACITANCE, AND TOUCH SCREEN
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 10-2012-0057389 filed on May 30, 2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for sensing
capacitance, a method for sensing capacitance, and a touch
screen apparatus capable of minimizing an error occurring
during detecting a change in capacitance due to noise.

2. Description of the Related Art

A touch sensing apparatus, such as a touch screen, a touch
pad, and the like, is an input apparatus that is attached to a
display apparatus to provide an intuitive input method to a
user and has, in recent times, been prevalently applied to
various electronic apparatuses such as mobile phones, per-
sonal digital assistants (PDAs), navigation devices, and the
like. In particular, as demand for smart phones has recently
increased, the use of a touch screen as a touch sensing appa-
ratus capable of providing various input methods in a
restricted form factor has been increased on a daily basis.

Touch screens applied to mobile devices may largely be
classified into resistive-type touch screens and capacitive-
type touch screens, according to a method of sensing a touch
input utilized therein. Among the touch screens, the use of
capacitive-type touch screens has been gradually increased
owing to a relatively long lifespan, various input methods,
easy implementation of gestures, and the like. In particular, a
multi-touch interface may be more easily implemented in
capacitive-type touch screens than in resistive-type touch
screens, and as a result, has been widely applied to devices
such as smart phones, and the like.

The capacitive-type touch screen includes a plurality of
electrodes having a predetermined pattern, wherein a plural-
ity of nodes in which a change in capacitance occurring due to
a touch input is provided by the plurality of electrodes. The
self-capacitance or mutual-capacitance of the plurality of
nodes distributed on a two-dimensional plane may be
changed by the touch input. Here, a weight average calcula-
tion method, and the like, may be applied to the change in
capacitance occurring in the plurality of nodes to calculate
coordinates of a touch input. In order to accurately calculate
the coordinates of a touch input, a technology of accurately
sensing the change in capacitance that occurs due to a touch
input is required. However, when electrical noise occurs in a
wireless communication module display apparatus, or the
like, a change in capacitance cannot be accurately sensed.

Patent Document 1 discloses a circuit and a method for
measuring capacitance of a touch sensor, in which a voltage
of'a capacitor charged from a change in capacitance occurring
in a touch sensor is compared with a predetermined reference
voltage, but does not describe removing a change in capaci-
tance due to noise therefrom. Further, Patent Document 2
discloses a circuit for measuring capacitance but only dis-
closes canceling an offset using a plurality of switches and it
does not disclose removing a change in capacitance occurring
due to noise.
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RELATED ART DOCUMENT

(Patent Document 1) Korean Patent Laid-Open Publication
No. 10-2011-0080254

(Patent Document 2) US Patent Laid-Open Publication No.
2011/0242048

SUMMARY OF THE INVENTION

An aspect of the present invention provides a method for
minimizing an effect of noise on a change in capacitance to be
measured. Further, another aspect of the present invention is
to remove an effect of noise by charging a charge in a first
capacitor from a change in capacitance to be measured and
instantaneously discharging the first capacitor when the first
capacitor is affected by noise to change a voltage level to a
predetermined reference level or greater.

According to an aspect of the present invention, there is
provided an apparatus for sensing capacitance, the apparatus
including; a first integration circuit unit including a first
capacitor charged by a change in capacitance occurring in a
sensing electrode; a comparison circuit unit comparing a level
of an output signal of the first integration circuit unit with a
predetermined reference level; and a noise removal unit
including a plurality of switches operating according to an
output of the comparison circuit unit, wherein the comparison
circuit unit controls an operation of each of the plurality of
switches to discharge charges charged in the first capacitor
when the level of the output signal of the first integration
circuit unit is higher than the reference level.

The apparatus may further include: a second integration
circuit unit connected to the noise removal unit and including
a second capacitor charged by the charges charged in the first
capacitor; and an operation unit determining a touch input
from an output signal of the second integration circuit unit.

The noise removal unit may include a first switch con-
nected to a ground terminal and a second switch connected to
an input node of the second integration circuit unit.

The comparison circuit unit may turn-off the second switch
and turn-on the first switch when the level of the output signal
of'the first integration circuit unit is higher than the reference
level.

The comparison circuit unit may include a first comparison
circuit comparing the level of the output signal of the first
integration circuit unit with a first reference level and a second
comparison circuit comparing the level of the output signal of
the first integration circuit unit with a second reference level.

The comparison circuit unit may operate each of the plu-
rality of switches to discharge the charges charged in the first
capacitor when the level of the output signal of the first
integration circuit unit is higher than the first reference level
or lower than the second reference level.

According to another aspect of the present invention, there
is provided a method for sensing a change in capacitance
occurring in a plurality of node capacitors defined in respec-
tive intersecting points between a plurality of first electrodes
and a plurality of second electrodes, the method including:
charging charges in at least one of the node capacitors; com-
paring a voltage level of a first capacitor supplied with the
charges charged in the at least one node capacitor with a
predetermined reference level; and operating a plurality of
switches to discharge the charges supplied to the first capaci-
tor when the voltage level of the first capacitor is higher than
the reference level.

In the comparing of levels, a first reference level and a
second reference level having a value lower than the first
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reference level may be respectively compared with the volt-
age level of the first capacitor.

In the operating of a plurality of switches, the plurality of
switches may be operated to discharge the charges supplied to
the first capacitor when the voltage level of the first capacitor
is higher than the first reference level or lower than the second
reference level.

In the operating of a plurality of switches, a first switch
connected between the first capacitor and a ground terminal
may be turned-on and a second switch connected between the
first capacitor and an integration circuit may be turned-off,
when the voltage level of the first capacitor is higher than the
reference level.

The method may further include: charging a second
capacitor with the charges supplied to the first capacitor; and
determining a touch input causing a change in capacitance
based on an voltage of the second capacitor.

According to another aspect of the present invention, there
is provided touch screen apparatus including: a panel unit
including a plurality of driving electrodes and a plurality of
sensing electrodes; a driving circuit unit applying driving
signals to the plurality of driving electrodes, respectively; a
sensing circuit unit sensing a change in capacitance occurring
in intersecting points between the driving electrodes having
the driving signals applied thereto and the plurality of sensing
electrodes; and a control unit controlling an operation of the
driving circuit unit and the sensing circuit unit, wherein the
sensing circuit unit includes a buffer circuit, a switching
circuit, and an integration circuit unit and the buffer circuit
includes a first capacitor charged by the change in capaci-
tance, and the control unit operates the switching circuit to
partially discharge charges charged in the first capacitor when
a voltage level of the first capacitor is higher than a predeter-
mined reference level.

The integration circuit unit may generate an output signal
transferred to the control unit based on the charges charged in
the first capacitor.

The control unit may determine a touch input applied to the
panel unit from the output signal of the integration circuit
unit.

The switching circuit may include a first switch connected
between the first capacitor and a ground terminal and a second
switch connected between the first capacitor and an input
terminal of the integration circuit unit.

The control unit may turn-on the first switch and turn-off
the second switch when the voltage level of the first capacitor
is higher than a predetermined reference level.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG.11s a perspective view illustrating an appearance of an
electronic apparatus including a touch screen apparatus
according to an embodiment of the present invention;

FIG. 2 is a block diagram illustrating an apparatus for
sensing capacitance according to an embodiment of the
present invention;

FIG. 3 is a circuit diagram illustrating an apparatus for
sensing capacitance according to an embodiment of the
present invention;

FIG. 4 is a diagram illustrating a touch screen apparatus
including an apparatus for sensing capacitance according to
an embodiment of the present invention; and
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FIGS. 5 to 9 are diagrams for describing a method for
sensing a touch according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described in
detail with reference to the accompanying drawings. These
embodiments will be described in detail to allow those skilled
in the art to practice the present invention. It should be appre-
ciated that various embodiments of the present invention are
different but are not necessarily exclusive. For example, spe-
cific shapes, configurations, and characteristics described in
an embodiment of the present invention may be implemented
in another embodiment without departing from the spirit and
the scope of the present invention. In addition, it should be
understood that positions and arrangements of individual
components in each disclosed embodiment may be changed
without departing from the spirit and the scope of the present
invention. Therefore, a detailed description described below
should not be construed as being restrictive. In addition, the
scope of the present invention is defined only by the accom-
panying claims and their equivalents if appropriate. Similar
reference numerals will be used to describe the same or simi-
lar functions throughout the accompanying drawings.

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings so that those skilled in the art may easily practice the
present invention.

FIG. 1isaperspective view illustrating an appearance of an
electronic apparatus including a touch screen apparatus
according to an embodiment of the present invention. Refer-
ring to FIG. 1, an electronic apparatus 100 according to an
embodiment of the present invention includes a display appa-
ratus 110 for outputting a screen, an input unit 120, an audio
unit 130 for outputting audio information, and the like, and
may include a touch screen apparatus integrated with the
display apparatus 110.

As shown in FIG. 1, in the case of mobile equipment, a
touch screen apparatus is generally integrated with a display
apparatus. The touch screen apparatus needs to have light
transmittance sufficiently high to allow a screen on which the
display apparatus is displayed to transmit an image there-
through. Therefore, the touch screen apparatus may be imple-
mented by forming sensing electrodes with materials such as
indium-tin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(Zn0O), carbon nano tube (CNT), graphene, and the like, all of
which have transparency and electric conductivity, on a base
substrate made of transparent film materials such as polyeth-
ylene terephthalate (PET), polycarbonate (PC), polyethersul-
fone (PES), polyimide (PI), and the like. Wiring patterns
connected to sensing electrodes made of transparent conduc-
tive materials are disposed in a bezel area of the display
apparatus. Wiring patterns are visually shielded and there-
fore, can also be formed of metal materials such as silver
(Ag), copper (Cu), and the like.

Meanwhile, it is assumed that the touch screen apparatus
according to the embodiment of the present invention oper-
ates according to a capacitive scheme. Thus, the touch screen
apparatus may include a plurality of electrodes having a pre-
determined pattern. In addition, the touch screen apparatus
includes an apparatus for sensing capacitance in order to
detect a change in capacitance occurring in the plurality of
electrodes. Hereinafter, the apparatus for sensing capacitance
and the operating method thereof according to the embodi-
ment of the present invention will be described with reference
to FIGS. 2 and 3.
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FIG. 2 is a block diagram illustrating an apparatus for
sensing capacitance according to an embodiment of the
present invention. Referring to FIG. 2, an apparatus 200 for
sensing capacitance according to the embodiment of the
present invention may include a first integration circuit unit
210, a comparison circuit unit 220, and a noise removal unit
230. In addition, in addition to the above components, the
apparatus 200 for sensing capacitance may further include a
second integration circuit unit 240 and a driving circuit unit
250.

In FIG. 2, a capacitor Cm corresponds to a capacitor in
which the capacitance to be measured by the apparatus 200
for sensing capacitance according to the embodiment of the
present invention is charged. For example, the capacitor Cm
may correspond to mutual-capacitance occurring among the
plurality of electrodes that are included in the capacitive
touch screen. Hereinafter, for convenience of explanation, it
is assumed that the apparatus 200 for sensing capacitance
according to the embodiment of the present invention senses
the change in capacitance occurring in the capacitive touch
screen. In this case, it may be assumed that the capacitor Cm
is anode capacitor in which charges are charged or discharged
due to the change in mutual capacitance occurring in an
intersecting point of the plurality of electrodes.

The first integration circuit unit 210 may include a first
capacitor that is charged or discharged from charges charged
in the capacitor Cm. The first capacitor may be connected to
the capacitor Cm by an integration circuit including an opera-
tion amplifier (OP-AMP) and may be supplied and charged
with charges charged in the capacitor Cm. The first integra-
tion circuit unit 210 may output a voltage corresponding to
the charges charged in the first capacitor.

The voltage output by the first integration circuit unit 210
(hereinafter, referred to as an “output voltage of the first
integration circuit unit 210”) is input to the comparison circuit
unit 220 and the noise removal unit 230. The comparison
circuit unit 220 compares an output voltage level of the first
integration circuit unit 210 with a reference level and trans-
fers the compared result to the noise removal unit 230. The
noise removal unit 230 may remove an effect of noise
included in the output voltage of the first integration circuit
unit 210 according to the comparison result between the level
of the output voltage of the first integration circuit unit 210
and the reference level.

The output voltage of the first integration circuit unit 210
from which the effect of noise has been removed by the
comparison circuit unit 220 and the noise removal unit 230 is
transferred to the second integration circuit unit 240. The
overall configuration of the second integration circuit unit
240 is similar to the first integration circuit unit 210. That is,
the second integration circuit unit 240 may include a second
capacitor in which charges are charged or discharged by the
output voltage of the first integration circuit unit 210 and may
generate an output signal determined by an amount of charge
charged in the second capacitor.

When the apparatus 200 for sensing capacitance according
to the embodiment of the present invention is applied to a
capacitive touch screen, the output signal of the second inte-
gration circuit unit 240 may be input to an analog-to-digital
converter (ADC) and converted into a digital signal. The
digital signal converted by the ADC may be employed as
sensing data used for an operation unit to determine a touch
input.

FIG. 3 is a circuit diagram illustrating an apparatus for
sensing capacitance according to an embodiment of the
present invention.
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Referring to FIG. 3, the apparatus for sensing capacitance
according to the embodiment of the present invention may
include a first integration circuit unit 310, a comparison cir-
cuit unit 320, a noise removal unit 330, a second integration
circuit unit 340, a driving circuit unit 350, and the like. Here-
inafter, a detailed operation of the apparatus for sensing
capacitance according to the embodiment of the present
invention will be described with reference to the circuit dia-
gram shown in FIG. 3. Similar to FIG. 2, it is assumed that the
capacitor Cm corresponds to a node capacitor of the capaci-
tive touch screen.

First, the driving circuit unit 350 includes two switches
SW1 and SW2, wherein the switch SW1 is connected to a
node supplying a voltage VDD and a first node of the capaci-
tor Cm. Meanwhile, a switch SW2 is connected to a ground
terminal GND and the first node of the capacitor Cm. There-
fore, when the switch SW1 is turned-on (closed), charges are
charged in the capacitor Cm by the voltage VDD and when the
switch SW2 is turned-on, charges charged in the capacitor
Cm are discharged. Therefore, the switches SW1 and SW2
may operate with different turn-on times.

Meanwhile, a second node of the capacitor Cm is con-
nected to the first integration circuit unit 310. The first inte-
gration circuit unit 310 may include an operation amplifier
OPA1, a capacitor CF1, a capacitor Cn, and a switch SW3.
The switch SW3 is operated in the same period as the switch
SW1. Therefore, charges are charged in the capacitor Cm by
the voltage VDD and the operation amplifier OPA1 is reset,
while the switches SW1 and SW3 are turned-on and the
switch SW2 is turned-off. Meanwhile, charges charged in the
capacitor Cm are transferred to the capacitor CF1 while the
switches SW1 and SW3 are turned-off and the switch SW2 is
turned-on. In this case, an output voltage Vbout of the opera-
tion amplifier OPA1 is determined by the following Equation
1.

VDD «Cm
CF1

[Equation 1]
Viour =

As can be appreciated from Equation 1, the output voltage
Vbout of the first integration circuit unit 310 may be deter-
mined according to a capacity ratio of the capacitor Cm and
the capacitor CF1. Therefore, the CF1 may be configured as a
capacitor having a capacity higher than that of the capacitor
Cm including charges to be measured, and as a result, it is
possible to prevent the output voltage Vbout of the first inte-
gration circuit unit 310 from being saturated.

The output voltage Vbout of the first integration circuit unit
310 may be input to the comparison circuit unit 320 and the
noise removal unit 330. As shown in FIG. 3, the comparison
circuit unit 320 compares the output voltage Vbout with pre-
determined reference voltages Vrefl and Vref2. To this end,
the comparison circuit unit 320 may include comparators
COMP1 and COMP2 and outputs of the comparators are
respectively output to the noise removal unit 330 via a pre-
determined logic circuit. For example, an output signal of the
comparison circuit unit 320 may control turning-on and turn-
ing-off operations of switches SW7 and SW8 of the noise
removal unit 330.

The noise removal unit 330 includes a plurality of switches.
The switches SW4, SW5, SW7, and SW8 included in the nose
removal unit 330 determine whether to transfer the output
voltage Vbout of the first integration circuit unit 310 to the
second integration circuit unit 340 as is, according to whether
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an effect of noise is included in the output voltage Vbout of
the first integration circuit unit 310.

In an ideal case, the capacitor Cm defined by electrodes of
the capacitive touch screen is charged by the voltage VDD of
the driving circuit unit and is changed by a touch input and the
amount in which the capacitor Cm is changed may be mea-
sured by the capacitor CF1 of the first integration circuit unit
310 and thus, be reflected to the output voltage Vbout. How-
ever, when an electrical noise is introduced into the touch
screen for any reason, an unwanted change in capacitance due
to noise may occur in the capacitor Cm. In the case in which
a change in capacitance occurring in the capacitor Cm due to
noise is transferred to the output voltage Vbout of the first
integration circuit unit 310 as is, this may act as a factor
hindering the accurate determination of the touch input.

Therefore, the comparison circuit unit 320 compares a
level of the output voltage Vbout of the first integration circuit
unit 310 with those of the predetermined reference voltages
Vrefl and Vref2, respectively, to determine whether a noise
having a positive component or a noise having a negative
component is introduced into the touch screen. In general, the
output voltage Vbout appearing due to a switching operation
between the driving circuit unit 350 and the first integration
circuit unit 310 may be smoothly increased or reduced by
repeating the charging and discharging of charges. Therefore,
when an instantaneous high voltage or low voltage is
detected, it may be determined that an electrical noise is
introduced to affect the capacitor Cm.

First, when the effect of noise is not reflected to the output
voltage Vbout, the output voltage Vbout has a value higher
than the reference voltage Vrefl and lower than the reference
voltage Vref2 at all times. The reference voltage Vrefl, which
is a reference voltage for detecting noise having a negative
component, has a negative (=) sign and the reference voltage
Vref2, which is a reference voltage for detecting noise having
a positive (+) component, has a positive (+) sign.

When noise does not occur, the output voltage Vbout is
lower than the reference voltage Vref2 and higher than the
reference voltage Vrefl and thus, both of the output signals of
the comparators COMP1 and COMP2 have a high value.
Therefore, an output signal N of an AND gate also has a high
value and an output signal NB of an inverter INV has a low
value. The output signal N ofthe AND gate AND is connected
to the switch SW8 and the output signal NB of the inverter
INV is connected to the switch SW7. Therefore, at the time of
a normal operation in which noise does not occur, the switch
SW7 is turned-off (opened) and the switch SW8 is turned-on
(shorted). Consequently, charges charged in the capacitor Cn
are input to the second integration circuit unit 340 and an
output voltage Vout of the second integration circuit unit 340
may be determined by the following Equation 2.

B Viou #Ch B VDD« Cm=Cn

v [Equation 2]
T CF2 CF1CF2

On the other hand, when noise having a positive (+) com-
ponent is introduced, charges charged in the capacitor Cn by
the capacitor CF1 of the first integration circuit unit 310 are
instantaneously reduced to a value approximating OV. There-
fore, the output voltage Vbout may have a value lower than
the reference voltage Vrefl which has a relatively low value
and therefore, the comparator COMP1 outputs a low signal.
The comparator COMP2 still outputs a high signal and there-
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fore, the output signal N of the AND gate AND is low and the
inverter INV outputs the output signal NB having a high
value.

Meanwhile, when noise having a negative (—) component
is introduced, the output signal Vbout of the first integration
circuit unit 310 may be instantaneously increased due to the
noise, thereby being saturated. Therefore, since the output
signal Vbout has a value higher than the reference voltage
Vref2, the output of the comparator COMP1 is still high,
while the comparator COMP2 generates an output signal
having a low value. As a result, the output signal N of an AND
gate AND also has a low value, while the output signal NB of
an inverter INV has a high value.

When noise having a positive (+) or negative (-) compo-
nent is introduced, the output signal N of the AND gate AND
has a low value and the output signal NB of the inverter INV
has a high value. Therefore, the switch SW7 is turned-on
(shorted) and the switch SW8 is turned-off (opened), such
that the charges charged in the capacitor Cn are discharged to
the ground terminal by the capacitor CF1 of the first integra-
tion circuit unit 310. As described above, the output voltage
Vout finally generated by the second integration circuit unit
340 may have a more stable value by removing a change in
capacitance occurring due to an instantaneous noise. This will
be described below with reference to FIGS. 510 9.

FIG. 4 is a diagram illustrating a touch screen apparatus
including an apparatus for sensing capacitance according to
an embodiment of the present invention.

Referring to FIG. 4, the touch screen apparatus according
to the embodiment of the present invention includes a panel
unit 410, a driving circuit unit 420, a sensing circuit unit 430,
a signal conversion unit 440, and an operation unit 450. The
panel unit 410 includes a plurality of first electrodes extend-
ing in a first axis direction (a horizontal direction of FIG. 4)
and a plurality of second electrodes extending in a second axis
direction (a vertical direction of FIG. 4) intersecting with the
first axis and has a change in capacitance C11 to Cmn occur-
ring in intersecting points of the first electrodes and the sec-
ond electrodes. The change in capacitance C11 to Cmn occur-
ring in the intersecting points of the first electrodes and the
second electrodes may be the change in mutual-capacitance
occurring due to the driving signals applied to the first elec-
trodes by the driving circuit unit 420. Meanwhile, the driving
circuit unit 420, the sensing circuit unit 430, the signal con-
version unit 440, and the operation unit 450 may be imple-
mented as a single integrated circuit (IC).

The driving circuit unit 420 may apply predetermined driv-
ing signals to the first electrodes of the panel unit 410 The
driving signals may include a square wave, a sine wave, a
triangle wave, and the like, each having a predetermined
period and amplitude, and may be sequentially applied to the
plurality of first electrodes, respectively. FIG. 4 shows the
case in which circuits for generating and applying the driving
signals are individually connected to the plurality of first
electrodes. However, a configuration in which a single driv-
ing signal generation circuit is provided to apply driving
signals to the plurality of first electrodes, respectively, using a
switching circuit, may also be allowed.

The sensing circuit unit 430 may include an integration
circuit for sensing the change in capacitance C11 to Cmn
from the second electrodes. The integration circuit may
include at least one operation amplifier and a capacitor C1
having a predetermined capacity. An inverting input terminal
of the operation amplifier is connected to the second elec-
trodes to convert the change in capacitance C11 to Cmn into
an analog signal such as a voltage signal, or the like, thereby
outputting the converted signal. When the driving signals are
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sequentially applied to the plurality of first electrodes, respec-
tively, the change in capacitance may be simultaneously
detected from the plurality of second electrodes and there-
fore, the integration circuit may be provided in an amount
corresponding to the number m of second electrodes.

The signal conversion unit 440 generates a digital signal S,
from an analog signal generated by the integration circuit. For
example, the signal conversion unit 440 may include a time-
to-digital converter (TDC) circuit that measures the time at
which the analog signal in a voltage form output from the
sensing circuit unit 430 reaches a predetermined reference
voltage level and converts the measured time into the digital
signal S,, or an analog-to-digital converter (ADC) circuit that
measures the amount in which the level of the analog signal
output from the sensing circuit unit 430 has changed for a
predetermined time and converts the measured amount into
the digital signal S,,. The operation unit 450 uses the digital
signal S, to determine a touch input applied to the panel unit
410. As the embodiment of the present invention, the opera-
tion unit 450 may determine the number, coordinates, gesture
operations, and the like, of the touch input applied to the panel
unit 410.

When comparing the apparatuses for sensing capacitance
shown in FIGS. 2 and 3 with the touch screen apparatus of
FIG. 4, the node capacitors C11 to Cmn generated at the
intersecting points between the first electrodes and the second
electrodes correspond to the capacitor Cm of FIGS. 2 and 3.
In addition, the driving circuit unit 420 of FIG. 4 may be
considered to correspond to components including the driv-
ing circuit units 250 and 350 shown FIGS. 2 and 3 and the
sensing circuit unit 430 of FIG. 4 may be considered to
correspond to components including the first integration cir-
cuit units 210 and 310, the comparison circuit units 220 and
320, the noise removal units 230 and 330, and the second
integration circuit units 240 and 340 shown FIGS. 2 and 3.

FIGS. 5 to 9 are diagrams for describing a method for
sensing touch according to an embodiment of the present
invention.

First, FIG. 5 shows the output voltage Vbout of the first
integration circuit unit 310 and the output voltage Vout of the
second integration circuit unit 340 when noise is not intro-
duced. As shown in FIG. 5A, noise does not appear. There-
fore, the output voltage Vbout of the first integration circuit
unit 310 shows a stable waveform as shown in FIG. 5B.
Referring to FIG. 5C, the output voltage Vout of the second
integration circuit unit 340 is sequentially increased and thus,
reaches a level of 2.3V at a time of about 170 ps.

FIG. 6 shows a simulation result regarding a case in which
noise having a positive (+) component is generally introduced
into a general apparatus for sensing capacitance, to affect the
capacitor Cm. Referring to FIG. 6 A, noise having a positive
(+) component is introduced at the times of 50 us and 100 ps,
respectively. In addition, as shown in FIG. 6B, the output
voltage Vbout of the first integration circuit unit 310 is instan-
taneously reduced to about OV atthe times of 50 s and 100 ps
due to noise. The output voltage Vout of the second integra-
tion circuit unit 340 is in proportion to the output voltage
Vbout of the first integration circuit unit 310 and the output
voltage Vout of the second integration circuit unit 340 is
instantaneously reduced at the times of 50 ps and 100 ps
accordingly. Therefore, as shown in FIG. 6C, the output volt-
age Vout of the second integration circuit unit 340 is saturated
at 1.89V and shows a difference from 2.3V, a normal output
level, when noise does not occur.

FIG. 7 shows a simulation result regarding a case in which
noise having a positive (+) component is introduced into the
apparatus for sensing capacitance according to the embodi-
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ment of the present invention as shown in FIGS. 2 and 3.
FIGS. 7A and 7B show that noise having a positive (+) com-
ponent is introduced at the times of 50 us and 100 ps as shown
in FIGS. 6A and 6B. The output voltage Vbout of the first
integration circuit unit 310 shows a waveform that is instan-
taneously reduced to OV, similar to the case of FIG. 6B.

As described above, when noise having a positive (+) com-
ponent is introduced and the output voltage Vbout of the first
integration circuit unit 310 is reduced to 0V, the comparison
circuit unit 320 determines that Vbout is lower than the ref-
erence voltage Vrefl. Therefore, the output of the comparator
COMP1 has a low value and the output of the comparator
COMP2 has a high value, and thus, the output signal N of the
AND gate AND and the output signal NB of the inverter INV
may have a low value and a high value, respectively. As a
result, the switch SW7 of the noise removal unit 330 is turned-
on (shorted) and the switch SW8 is turned-off (opened) and
the change in capacitance of the capacitor Cn due to the noise
may not be transferred to the second integration circuit unit
340.

Referring to FIG. 7C, the output voltage Vout of the second
integration circuit unit 340 may be slightly reduced at the
times of 50 us and 100 ps. However, a voltage value at which
Vout is finally saturated is 2.27V, a value having little differ-
ence from 2.3V, confirmed in a simulation result of FIG. 5
made under the assumption that noise is not introduced.
Therefore, it can be confirmed that the affect of noise is
almost removed from the apparatus for sensing capacitance
according to the embodiment of the present invention.

FIG. 8 is a simulation result made under the assumption
that noise having a negative (=) component is introduced into
ageneral apparatus for sensing capacitance. As shown in FIG.
8A, noise having a negative (-) component is introduced at
the times of 50 ps and 100 ps. Referring to FIG. 8B, the output
voltage Vbout of the first integration circuit unit 310 is instan-
taneously increased when the noise is introduced and is thus
saturated at a value of about 2.5V. As shown in FIG. 8C, it can
be confirmed that the output voltage Vout of the second inte-
gration circuit unit 340 is instantaneously increased at the
times of 50 ps and 100 ps. As a result, the output voltage Vout
of'the second integration circuit unit 340 is saturated ata value
of 2.45V.

FIG. 9 is a simulation result made under the assumption
that noise having a negative (=) component is introduced into
the apparatus for sensing capacitance according to the
embodiment of the present invention. Referring to FIGS. 9A
and 9B, the noise having a negative (-) component is intro-
duced at the times of 50 us and 100 ps, respectively, such that
the output voltage Vbout of the first integration circuit unit
310 is instantaneously increased, in a similar manner to the
case of FIGS. 8A and 8B. When the output voltage Vbout of
the first integration circuit unit 310 is instantaneously
increased and thus, is higher than the reference level Vref2,
the output of the comparator COMP1 of the comparison
circuit unit 320 has a high value and the output of the com-
parator COMP2 thereof has a low value. As a result, the
output signal N of the AND gate AND has a low value and the
output signal NB of the inverter INV has a high value and
therefore, the switch SW7 is turned-on (shorted) and the
switch SW8 is turned-off (opened).

Therefore, the charges instantaneously charged in the
capacitor Cn at the times of 50 us and 100 ps at which noise
is introduced are discharged to the ground terminal through
the switch SW7 and are not transferred to the second integra-
tion circuit unit 340 due to the opening of the switch SW§,
thereby reducing an output error due to the noise. Referring to
FIG. 9C, the output voltage Vbout of the second integration
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circuit unit 340 is saturated at a value of about 2.27V, which
is approximately the same value as the value obtained from
the simulation result when the noise shown in FIG. 5c¢ is not
introduced.

As set forth above, according to embodiments of the
present invention, the first capacitor is first charged from the
change in capacitance to be measured to determine whether a
change in a voltage level of the first capacitor occurs due to an
electrical noise. When the voltage level of the first capacitor
fluctuates due to noise and is higher than the predetermined
reference level, the effect of noise may be minimized and the
change in capacitance to be measured may be accurately
detected by discharging the charges charged by noise through
operating a switching device connected to the first capacitor.

While the present invention has been shown and described
in connection with the embodiments, it will be apparent to
those skilled in the art that modifications and variations can be
made without departing from the spirit and scope of the
invention as defined by the appended claims.

What is claimed is:

1. An apparatus for sensing capacitance, the apparatus
comprising:

a first integration circuit unit, including a first capacitor
configured to be charged by a change in capacitance
occurring in a sensing electrode;

a comparison circuit unit, configured to compare a level of
an output signal of the first integration circuit unit with a
predetermined reference level; and

a noise removal unit, including a plurality of switches
configured to operate according to an output of the com-
parison circuit unit,

wherein the comparison circuit unit is configured to control
an operation of each of the plurality of switches to dis-
charge charges charged in the first capacitor, when the
level of the output signal of the first integration circuit
unit is higher than the reference level.

2. The apparatus of claim 1, further comprising:

a second integration circuit unit connected to the noise
removal unit, and including a second capacitor config-
ured to be charged by the charges charged in the first
capacitor; and

an operation unit configured to determine a touch input
from an output signal of the second integration circuit
unit.

3. The apparatus of claim 2, wherein the noise removal unit
includes a first switch connected to a ground terminal, and a
second switch connected to an input node of the second
integration circuit unit.

4. The apparatus of claim 3, wherein the comparison circuit
unit is configured to turn-off the second switch and to turn-on
the first switch, when the level of the output signal of the first
integration circuit unit is higher than the reference level.

5. The apparatus of claim 1, wherein the comparison circuit
unit includes a first comparison circuit configured to compare
the level of the output signal of the first integration circuit unit
with a first reference level, and a second comparison circuit
configured to compare the level of the output signal of the first
integration circuit unit with a second reference level.

6. The apparatus of claim 5, wherein the comparison circuit
unit is configured to operate each of the plurality of switches
to discharge the charges charged in the first capacitor, when
the level of the output signal of the first integration circuit unit
is higher than the first reference level, or lower than the
second reference level.

7. A method for sensing a change in capacitance occurring
in a plurality of node capacitors defined in respective inter-
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secting points between a plurality of first electrodes and a
plurality of second electrodes, the method comprising:
charging charges in at least one of the node capacitors;
comparing a voltage level of a first capacitor supplied with
the charges charged in the at least one node capacitor
with a predetermined reference level; and

operating a plurality of switches to discharge the charges
supplied to the first capacitor, when the voltage level of
the first capacitor is instantaneously increased to be
higher than the reference level due to noise.

8. The method of claim 7, wherein in the comparing of
levels, a first reference level, and a second reference level
having a value lower than the first reference level, are respec-
tively compared with the voltage level of the first capacitor.

9. The method of claim 8, wherein in the operating of a
plurality of switches, the plurality of switches are operated to
discharge the charges supplied to the first capacitor, when the
voltage level of the first capacitor is higher than the first
reference level, or lower than the second reference level.

10. The method of claim 7, wherein in the operating of a
plurality of switches, a first switch connected between the
first capacitor and a ground terminal is turned-on, and a
second switch connected between the first capacitor and an
integration circuit is turned-off, when the voltage level of the
first capacitor is higher than the reference level.

11. The method of claim 7, further comprising:

charging a second capacitor with the charges supplied to
the first capacitor; and

determining a touch input causing a change in capacitance,
based on an voltage of the second capacitor.

12. A touch screen apparatus, comprising:

apanel unit, including a plurality of driving electrodes and
a plurality of sensing electrodes;

a driving circuit unit configured to apply driving signals to
the plurality of driving electrodes, respectively;

a sensing circuit unit configured to sense a change in
capacitance occurring in intersecting points between the
driving electrodes having the driving signals applied
thereto and the plurality of sensing electrodes; and

a control unit configured to control an operation of the
driving circuit unit and the sensing circuit unit,

wherein the sensing circuit unit includes a buffer circuit, a
switching circuit, and an integration circuit unit, and
wherein the buffer circuit includes a first capacitor con-
figured to be charged by the change in capacitance, and

wherein the control unit is configured to operate the
switching circuit to partially discharge charges charged
in the first capacitor, when a voltage level of the first
capacitor is instantaneously increased to be higher than
a predetermined reference level due to noise.

13. The touch screen apparatus of claim 12, wherein the
integration circuit unit is configured to generate an output
signal transferred to the control unit, based on the charges
charged in the first capacitor.

14. The touch screen apparatus of claim 13, wherein the
control unit is configured to determine a touch input applied
to the panel unit from the output signal of the integration
circuit unit.

15. The touch screen apparatus of claim 12, wherein the
switching circuit includes a first switch connected between
the first capacitor and a ground terminal, and a second switch
connected between the first capacitor and an input terminal of
the integration circuit unit.

16. The touch screen apparatus of claim 15, wherein the
control unit is configured to turn-on the first switch and to
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turn-off the second switch, when the voltage level of the first
capacitor is higher than the predetermined reference level.

#* #* #* #* #*

14



